where ξ n denotes the Cobb-Douglas weight for the tradeable sector composite good, η is the elasticity of substitution between the tradeable sectors, ω j is the taste parameter for tradeable sector j, Y J+1 n is the nontradeable-sector composite good, and Y j n is the composite good in tradeable sector j.
Each sector j aggregates a continuum of varieties q ∈ [0, 1] unique to each sector using a CES production function:
, where ε denotes the elasticity of substitution across varieties q, Q j n is the total output of sector j in country n, and Q j n (q) is the amount of variety q that is used in production in sector j and country n. Producing one unit of good q in sector j in country n requires , where w n is the wage, r n is the return to capital, and p k n is the price of intermediate input from sector k. The value-added based labor intensity is given by α j , and the share of value added in total output by β j . Both vary by sector. The shares of inputs from other sectors, γ k,j vary by output industry j as well as input industry k.
Following Eaton and Kortum (2002, henceforth EK) , productivity z j n (q) for each q ∈ [0, 1] in each sector j is random, and drawn from the Fréchet distribution with cdf: In this distribution, the absolute advantage term T j n varies by both country and sector, with higher values of T j n implying higher average productivity draws in sector j in country n. The parameter θ captures dispersion, with larger values of θ implying smaller dispersion in draws.
The production cost of one unit of good q in sector j and country n is thus equal to c j n /z j n (q).
Each country can produce each good in each sector, and international trade is subject to iceberg costs: d j ni > 1 units of good q produced in sector j in country i must be shipped to country n in order for one unit to be available for consumption there. The trade costs need not be symmetric
in -and will vary by sector. We normalize d j nn = 1 ∀ n and j. All the product and factor markets are perfectly competitive, and thus the price at which country i supplies tradeable good q in sector j to country n is:
Buyers of each good q in tradeable sector j in country n will only buy from the cheapest source country, and thus the price actually paid for this good in country n will be:
A.2 Characterization of Equilibrium
The competitive equilibrium of this model world economy consists of a set of prices, allocation rules, and trade shares such that (i) given the prices, all firms' inputs satisfy the first-order conditions, and their output is given by the production function; (ii) given the prices, the consumers' demand satisfies the first-order conditions; (iii) the prices ensure the market clearing conditions for labor, capital, tradeable goods and nontradeable goods; (iv) trade shares ensure balanced trade for each country.
The set of prices includes the wage rate w n , the rental rate r n , the sectoral prices {p j n } J+1 j=1 , and the aggregate price P n in each country n. The allocation rules include the capital and labor allocation across sectors {K 
A.2.1 Demand and Prices
It can be easily shown that the price of sector j's output will be given by:
Following the standard EK approach, it is helpful to define
This value summarizes, for country n, the access to production technologies in sector j. Its value will be higher if in sector j, country n's trading partners have high productivity (T j i ) or low cost (c j i ). It will also be higher if the trade costs that country n faces in this sector are low. Standard steps lead to the familiar result that the price of good j in country n is simply
where Γ = Γ θ+1−ε θ 1 1−ε , with Γ the Gamma function. The consumption price index in country n is then:
where
. Both capital and labor are mobile across sectors and immobile across countries, and trade is balanced. The budget constraint (or the resource constraint) of the consumer is thus given by
where K n and L n are the endowments of capital and labor in country n.
Given the set of prices {w n , r n , P n , {p
, we first characterize the optimal allocations from final demand. Consumers maximize utility (A.1) subject to the budget constraint (A.4).
The first order conditions associated with this optimization problem imply the following final demand:
A.2.2 Production Allocation and Market Clearing
Let Q j n denote the total sectoral demand in country n and sector j. Q j n is used for both final consumption and as intermediate inputs in domestic production of all sectors. Denote by X j n = p j n Q j n the total spending on the sector j goods in country n, and by X j ni country n's total spending on sector j goods coming from country i, i.e. n's imports of j from country i. The EK structure in each sector j delivers the standard result that the probability of importing good q from country i, π j ni is equal to the share of total spending on goods coming from country i, X j ni /X j n , and is given by:
The market clearing condition expenditures on sector j in country n is:
for tradeable sectors j = 1, ..., J, and
in the nontradeable sector. That is, total expenditure in sector j = 1, ..., J of country n, p j n Q j n , is the sum of (i) domestic final consumption expenditure p j n Y j n ; (ii) expenditure on sector j goods as intermediate inputs in all the traded sectors In each tradeable sector j, some goods q are imported from abroad and some goods q are exported to the rest of the world. Country n's exports in sector j are given by EX
, and its imports in sector j are given by IM
, where 1I i =n is the indicator function. The total exports of country n are then EX n = J j=1 EX j n , and total imports are IM n = J j=1 IM j n . Trade balance requires that for any country n, EX n − IM n = 0. Given the total production revenue in tradeable sector j in country n,
, the optimal sectoral factor allocations must satisfy
For the nontradeable sector J + 1, the optimal factor allocations in country n are simply given by
Finally, the feasibility conditions for factors are given by, for any n,
Appendix B Procedure for Estimating T j n , d j ni , and ω j This appendix reproduces from Levchenko and Zhang (2011) the details of the procedure for estimating technology, trade costs, and taste parameters required to implement the model. Interested readers should consult that paper for further details on estimation steps and data sources.
B.1 Tradeable Sector Relative Technology
We now focus on the tradeable sectors. Following the standard EK approach, first divide trade shares by their domestic counterpart:
, which in logs becomes:
Let the (log) iceberg costs be given by the following expression: In order to do that, we follow the approach of Shikher (2004) . In particular, for each country n, the share of total spending going to home-produced goods is given by The entire right-hand side of this expression is either observable or estimated. Thus, we can impute the price levels relative to the U.S. in each country and each tradeable sector.
The cost of the input bundles relative to the U.S. can be written as:
Using information on relative wages, returns to capital, price in each tradeable sector from (B.1), and the nontradeable sector price relative to the U.S., we can thus impute the costs of the input bundles relative to the U.S. in each country and each sector. Armed with those values, it is straightforward to back out the relative technology parameters:
B.2 Trade Costs
The bilateral, directional, sector-level trade costs of shipping from country i to country n in sector j are then computed based on the estimated coefficients as:
for an assumed value of θ. Note that the estimate of the trade costs includes the residual from the gravity regression θ ν j ni . Thus, the trade costs computed as above will fit bilateral sectoral trade flows exactly, given the estimated fixed effects. Note also that the exporter component of the trade costs ex j i is part of the exporter fixed effect. Since each country in the sample appears as both an exporter and an importer, the exporter and importer estimated fixed effects are combined to extract an estimate of θ ex j i .
B.3 Complete Estimation
So far we have estimated the levels of technology of the tradeable sectors relative to the United States. To complete our estimation, we still need to find (i) the levels of T for the tradeable sectors in the United States; (ii) the taste parameters ω j , and (iii) the nontradeable technology levels for all countries.
To obtain (i), we use the NBER-CES Manufacturing Industry Database for the U.S. (Bartelsman and Gray 1996) . We start by measuring the observed TFP levels for the tradeable sectors in the U.S.. The form of the production function gives To estimate the taste parameters {ω j } J j=1 , we use information on final consumption shares in the tradeable sectors in the U.S.. We start with a guess of {ω j } J j=1 and find sectoral prices p k n as follows. For an initial guess of sectoral prices, we compute the tradeable sector aggregate price and the nontradeable sector price using the data on the relative prices of nontradeables to tradeables.
Using these prices, we calculate sectoral unit costs and Φ j n 's, and update prices according to equation (A.2), iterating until the prices converge. We then update the taste parameters according to equation (A.5), using the data on final sectoral expenditure shares in the U.S.. We normalize the vector of ω j 's to have a sum of one, and repeat the above procedure until the values for the taste parameters converge.
Finally, we estimate the nontradeable sector TFP using the relative prices. In the model, the nontradeable sector price is given by
Since we know the aggregate price level in the tradeable sector p T n , c J+1 n , and the relative price of nontradeables (which we take from the data), we can back out T J+1 n from the equation above for all countries.
Appendix C Data and Calibration
Estimation of sectoral productivity parameters T j n and trade costs d j ni requires data on total output by sector, as well as sectoral data on bilateral trade. To maximize coverage of the European countries as well as data quality, sectoral output data for the 27 European Union countries plus FYR Macedonia were taken from EUROSTAT. For the other 52 countries in the sample, information on output was obtained from the 2009 UNIDO Industrial Statistics Database. The two output data sources were merged at the roughly 2-digit ISIC Revision 3 level of disaggregation, yielding 19 manufacturing sectors. Bilateral trade data were collected from the UN COMTRADE database, and concorded to the same sectoral classification. Productivity and trade cost estimation in this model requires an assumption on the dispersion parameter θ. We pick the value of θ = 8.28, which is the preferred estimate of EK, and in addition assume that it does not vary across sectors. 1
In order to implement the model numerically, we must in addition calibrate the following sets of parameters: (i) preference parameters ω j , ξ n , and η; (ii) production function parameters ε, α j , β j , γ k,j for all sectors j and k; (iii) country factor endowments L n and K n .
The share of expenditure on traded goods, ξ n in each country is sourced from Yi and Zhang (2010) , who compile this information for 30 developed and developing countries. For countries unavailable in the Yi and Zhang data, values of ξ n are imputed based on fitting a simple linear relationship to log PPP-adjusted per capita GDP from the Penn World Tables. The fit of this simple bivariate linear relationship is quite good, with the R 2 of 0.55. The taste parameters for tradeable sectors ω j were estimated by combining the model structure above with data on final consumption expenditure shares in the U.S. sourced from the U.S. Input-Output matrix, 1 There are no reliable estimates of how θ varies across sectors, and thus we do not model this variation. Shikher (2004 Shikher ( , 2005 Shikher ( , 2011 , Burstein and Vogel (2012), and Eaton, Kortum, Neiman and Romalis (2011) , among others, follow the same approach of assuming the same θ across sectors. Caliendo and Parro (2010) use tariff data and triple differencing to estimate sector-level θ. However, their approach may impose too much structure and/or be dominated by measurement error: at times the values of θ they estimate are negative. In addition, in each sector the restriction that θ > ε − 1 must be satisfied, and it is not clear whether Caliendo and Parro (2010) 's estimated sectoral θ's meet this restriction in every case. Our approach is thus conservative by being agnostic on this variation across sectors. It is also important to assess how the results below are affected by the value of this parameter. One may be especially concerned about how the results change under lower values of θ. Lower θ implies greater within-sector heterogeneity in the random productivity draws. Thus, trade flows become less sensitive to the costs of the input bundles (c j i ), and the gains from intra-sectoral trade become larger relative to the gains from inter-sectoral trade. In Levchenko and Zhang (2011) , we estimated the sectoral productivities for a sample of 75 countries assuming instead a value of θ = 4, which has been advocated by Simonovska and Waugh (2011) and is at or near the bottom of the range that has been used in the literature. Overall, the results are remarkably similar. The correlation between estimated T as described in Appendix B. The elasticity of substitution between broad sectors within the tradeable bundle, η, is set to 2. Since these are very large product categories, it is sensible that this elasticity would be relatively low. It is higher, however, than the elasticity of substitution between tradeable and nontradeable goods, which is set to 1 by the Cobb-Douglas assumption.
The production function parameters α j and β j are estimated using the output, value added, and wage bill data from EUROSTAT and UNIDO. To compute α j for each sector, we calculate the share of the total wage bill in value added, and take a simple median across countries (taking the mean yields essentially the same results). To compute β j , compute the ratio of value added to total output for each country and sector, and take the median across countries. in column j. Thus, it is the direct counterpart of the input coefficients γ k,j . Note that we assume these to be the same in all countries. 2 In addition, we use the U.S. I-O matrix to obtain α J+1 and β J+1 in the nontradeable sector. 3 The elasticity of substitution between varieties within each tradeable sector, ε, is set to 4.
The total labor force in each country, L n , and the total capital stock, K n , are computed based on the Penn World Tables 6.3. Following the standard approach in the literature (see, e.g. Hall and Jones 1999 , Bernanke and Gürkaynak 2001 , Caselli 2005 , the total labor force is calculated from data on the total GDP per capita and per worker. 4 The total capital stock is calculated using the perpetual inventory method that assumes a depreciation rate of 6%: K n,t = (1−0.06)K n,t−1 +I n,t , where I n,t is total investment in country n in period t. For most countries, investment data start in 1950, and the initial value of K n is set equal to I n,0 /(γ + 0.06), where γ is the average growth rate of investment in the first 10 years for which data are available.
All of the variables that vary over time are averaged for the period 2000-07 (the latest available year), which is the time period on which we carry out the analysis.
2 di Giovanni and Levchenko (2010) provide suggestive evidence that at such a coarse level of aggregation, InputOutput matrices are indeed similar across countries. To check robustness of the results, Levchenko and Zhang (2011) collected country-specific I-O matrices from the GTAP database. Productivities computed based on country-specific I-O matrices were very similar to the baseline values, with the median correlation of 0.98, and all but 3 out of 75 countries with a correlation of 0.93 or above, and the minimum correlation of 0.65.
3 The U.S. I-O matrix provides an alternative way of computing αj and βj. These parameters calculated based on the U.S. I-O table are very similar to those obtained from UNIDO, with the correlation coefficients between them above 0.85 in each case. The U.S. I-O table implies greater variability in αj's and βj's across sectors than does UNIDO.
4 Using the variable name conventions in the Penn World Tables, Ln = 1000 * pop * rgdpch/rgdpwok.
